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A current debate exists as to
whether locomotion on foot is
guided by optic flow (the apparent
motion of the world when the
subject is moving) [1–4] or
perceived direction [5]. Rushton
et al. [5] have shown that the path
taken by a participant wearing
prism spectacles is described
reasonably by a model predicting
trajectory from visual direction.
We repeated Rushton et al.’s [5]
experiment but manipulated the
amount of additional information
available. Our experiment
involved participants walking
directly to a target from a starting
position 23 m away while wearing
6.84° prism glasses.
Participants were instructed to
walk directly to the target at a brisk
pace. The participants were naïve to
the purpose of the experiment and
did not observe the trajectory of
others before walking themselves.
The amount of available
information was manipulated in
three viewing conditions: reduced
cue (n = 8), in which the target was
viewed monocularly through a small
aperture prism with a 10° field of
view over a grass ground plane;
intermediate cue (n = 24), in which
the target was viewed binocularly
through a 35° field of view prism
over a grass ground plane with
randomly distributed brown
markings, and the presence of
surrounding buildings; and rich cue
(n = 16), in which binocular prisms
with an essentially unrestricted field
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Trichomes are hair-like epidermal
outgrowths found on the aerial
parts of plants. In Arabidopsis
thaliana, trichomes are unicellular
and, through a series of
morphogenetic changes, grow into
stellate shapes with 3–5 branches.
These images show wild-type
(top left) and mutant trichomes
from Arabidopsis. In the wild-type
trichome, longitudinal F-actin
cables (green) are prominent.
Disturbance of this F-actin
architecture leads to the ‘distorted’
phenotype seen in the crooked (top
right) and wurm (bottom left)
mutants. Interference with the
microtubular cytoskeleton,
however, leads to a general
distension of the trichome cell and
a suppression of branch formation
(bottom right). This suggests
microtubules play a more active
role during early development of
the trichome cell to establish
spatial patterns, whereas actin
microfilaments act later to
elaborate and maintain this pattern.
For more details, see Mathur J.
et al., Development 1999, 126:5559-
5568. Images provided by Jaideep
Mathur, Developmental Genetics,
Tübingen University, D-72076,
Germany, and Nam Hai Chua, Plant
Molecular Biology, the Rockefeller
University, New York, USA.
Biology in pictures
Protein conditioners for split ends
of view were used together with a
fully textured ground plane
consisting of 8 cm brown floor
markings placed on a grass plane
forming a continuous grid
(approximately 3.3 m2 boxes). An
additional orthogonal line was
arranged horizontally or vertically in
each square within the grid. These
ground markings also provide
motion parallax information, which
has been indicated as a useful cue in
the perception of heading [6]. In the
first two conditions the view outside
the glasses was occluded. 
Figure 1 shows the lateral
displacement plotted as a function
of distance for each of the
conditions. The trajectory predicted
by the visual direction strategy [5] is
shown for reference. In the reduced
cue environment, participants
walked along trajectories close to
those predicted by the visual
direction model [5] and arrived to
the side of the target as predicted by
the model. In the other two
conditions, the displacement of the
path taken by the participants was
less than that predicted by the
model but was still affected by the
prism spectacles. These results
suggest that locomotion on foot is
guided by perceived direction in
conjunction with additional
information. 
Our findings complement other
studies which also have found a role
for ‘positional and optic-flow
strategies’ [7] and which have
indicated that several factors are
important in the control of
locomotion [8,9]. Our results show
that the weight attached to visual
direction information can vary
depending on the availability of
other information. These data
provide some empirical evidence for
the idea that the human nervous
system combines information from a
number of sources when guiding
locomotion to a target. The results do
not resolve the nature of the
information used in conjunction with
visual direction. We originally
interpreted the findings as indicating
a role for optic flow in guiding
locomotion on foot. An alternative
account was suggested to us by Brian
Rogers of Oxford University
(personal communication), who
proposed that: “(i) the presence of a
ground plane surface with markings
and (ii) the presence of objects in a
similar visual direction but at
different distances provide what
Marty Banks has referred to as
‘alignment cues’ which could
function as essentially static rather
than dynamic sources of
information”. The ground markings
of the rich cue condition may
therefore act as static markers
leading to the target, which
participants could follow, despite
prismatic displacement of the visual
scene. We await the necessary
empirical studies to show whether
the system uses alignment cues or
‘goes with the flow’, and hope our
data will push forward this debate.
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Figure 1
Lateral displacement plotted as a function of
target distance when participants wore 6.84°
prisms. A video camera was set up on the roof
of a building 12 m above the ground in line
with the straight line trajectory between the
starting point and the target, and video
recording was used to measure lateral
displacement (accurate to ± 4.2 cm). The
trajectory predicted by the visual direction
strategy is shown for reference. In the reduced
cue environment, participants’ trajectories
were close to those predicted by the visual
direction model [5] but in the other two
conditions, the displacement of the path taken
by the participants was less than that
predicted by the model. The differences
between trajectories were statistically reliable
as assessed with Dunn’s procedure (t(6) > 3.9,
p < 0.01 for all comparisons). Standard error
bars (across participants) are shown. 
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